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Voyager | left our solar system in 2012

Voyager |

Launched in 1977 (40 years ago!)
Current Speed 17 km/s

140 AU from the Sun

Downlink telemetry 16 bits/sec
‘Uplink telemetry 160 bits/sec ;
Onboard Computer Memory 70 kBytes

Power available 249 W
Flight Software; FORTRAN/C

Imagine if we could
upgrade Voyager
to present-day
technology levels?
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APPROACH ( IV ) ENCOUNTER ( V)
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- | As is often the casé,llatﬂre givesus
+ TRANSFORMABLE SPACECRAFT  cluesonhowto solve such problems
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Power and Propulsion trends to watch: '
= Ele'ct'romagn'etic tethers (Power) i
— Compact Nuclear (Power)

— E-sails (Propulsion)

- — Magnetoshells (Propulsion)
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Light-Weight
adioisotope Heater Unit (LWRHU
* Heat Output - 1 watt

* Fuel Loading - 2.65 g PuO,
* Mass (total) -40 grams

*Size - 3.2<cm long x 2.6-cm diameter [

Aeroshell End Cap
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Thermal Insulator Sleeves

Encapsulated Fuel Pellet




~+ Additive

electronics

rWha‘l upyrades Illiulll we}annlv? s
ve Manufacturing trends to watch: g
3D Printing of large structures f
3D Printing of sensors and

Spacecraft 3-D Printing and
Miniaturization

Transforming an Asteroid into
Spacecraft
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FLIGHT HARDWARE UPGRADES @ 4Ly

MINERALSTOCKS ~ NEW COMPONENTS
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FLIGHT HARDWARE UPGRADES @ 4Ly

MINERALSTOCKS il ~ NEW COMPONENTS
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FLIGHT HARDWARE UPGRADES @ 4Ly

3 ?}?RINTER e ; MINERALSTOCKS il ~ NEW COMPONENTS

| Tap into the creative juicesof

ecyclabl | the entire world through |
= competitions to design

upgrades using limited

resources
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FLIGHT SYSTEM UPGRADES @ 4 LY

MINERALSTOCKS il ~ NEW COMPONENTS

ecyclabl
acecraft

SOFTWARE
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e S Tecnology trends to watch:
- Artificial Intelligence
— Genetic Programming _
— Autonomous Spaceraft Operations :
— Single S/C ‘
— Constellations

_.SUNRISE
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FLIGHT SOFTWARE UPGRADES @ 4 LY?

Cuses sendill

- uses genetic - .
algorithms coupled
wifh a tightly -
constrained
programming language

that minimizes the | Embedded Interpreter using identical configuration

overhead of its - GenltzeticI Alg.orithm prior to upload
Machine Learning valuation
search space. / l \

‘ Genetic Algorithms Genome Functional

OffSpring Construction

Gene-Sequencer Commands to generate say

a new OS tested on Earth

- A series of programming Analysis and Grading
instructions are selected
at random to serve

as an initial chain of DNA.

‘Instruction set consists of

just 8 basic commands:
' <>+-.,]

Survival of Fittest Selection i am]macll



https://arxiv.org/abs/1709.05703

G - What upgrades might we apply?
~+ Navigation and Communication trends to watch:  ®.
— Navigation using PulSARs

— 3-D printing a giant RF antenna i n ¥ =
— Optical Communication | e
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o .  OPTICAL COMM ENHANCED BY GRAVITATIONAL LENSING?
- DATA RETURN .= MORE CONVENTIONAL RF? =
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FINAL THOUGHTS

2011, interplanetary cuhesats were

- considered a wild idea

- In2018, JPL's two MarCO0 cubesats are
currently en route to Mars...
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